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(54) CRYOPUMP 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a ciyopump which can be reduced 
in a manufacturing cost and a size, causes little vibration, dispenses with 
necessity of overhaul, shows resistance for high temperature, and can use and 
adsorption material such as a molecular sheave. 

SOLUTION: Evacuation is performed by cooling water molecule and gases 
such as nitrogen, oxygen and hydrogen to extremely low temperature by 
means of an extremely low temperature refrigerator. A first step pulse tube 
refrigerator 1 2 is used as the extremely low temperature refrigerator. A 
hydrogen storage alloy 16 and a cooling panel 18 are connected to a cold head 
14 of the pulse tube refrigerator in a satisfactory heat contact condition. The 
water molecules are condensed by the cooling panel for evacuation, while 
hydrogen is stored by the hydrogen storage alloy. An adsorption material 17 
such as a molecular sheave is arranged for absorbing gas molecules such as 
nitrogen and oxygen. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 



3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
the interior of a container. 

££££££ lS o!) member from rsdun. tat Thus, by «nd«*in g or adsorbing vsnous gasos, —on ,s 
taken out through lead wire 6 1 in the terminal 62 shell exterior. 

Kllm(s) to be Solved by the Invention] Since two steps of super-low temperature fields of 55-120K and 10-1 5K .were used 

Ae ttion «tk» of the fuXr conventional cryopump was using material such as synthetic re.sm 

™d mbber K Secular sieve etc. solved, and was excellent, there was also a trouble that the adsorption matenal 

Sch ntedfan S , mM and 

^^flS«nto is to solve the above-mentioned problem, and it can be manufactured cheaply and small and 
S^vibra^n iS, ? <foes not have the need for an overhaul procedure, and its heat-resistant temperature „ still higher, and .t is 
to offer the cryopump which can use adsorption material, such as a molecular sieve. 

Es for Solving the Problem and its Function] In order that it may attain the above-mentioned purpose, by cooling various 
^Z Z^lZ^ with a very-low-temperature refrigerator, the cryopump concerning the 1st this mvention (U 
coSsooSo rS 1) is constituted so that evacuation may be carried out, it uses an one-step formula pulse tube refrigerator 
nS^™Sl^iSi«tor. and it constitutes it so that a hydrogen storing metal alloy and a cooling panel may be 
prepared ml 3Sof tiS %lse tube refrigerator in the state of connection with good heat contact. A coohng pane. „ 

Chevron configuration or a louver configuration so that it can pass ms.de a pump easily. That ,s, .t become, possible 
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or adsorb various gases by the operating temperature of the very-low-temperature refrigerator of an one-step formula, and the 
evalTon S vlus can be carried out like the conventional cryopump by this. Moreover, generally the residua -gas 
Anoint in pressure fields such as an ultra-high vacuum and an extreme high vacuum, raises the exhaust speed of wate, and 
Sr g raid P ca^ -ore. Therefore, an evacuation performance can also be easily improved by carrying in 
Krentional vacuum devices additionally. Since the pulse tube refrigerator of an one-step formula cannot equip the interior 

but a very-low-temperature state can be made only from supply of gaseous helium vibration can 
rnn^tfas7hr a rresistant high thing few In order to be able to make high thermal resistance of a very-low-temperature 
££££i ^S£SSL using the hydrogen storing metal alloy and cooling panel which need reproduction by 

ES5J £ IXKSLd invention, the cryopump concerning the 2nd this invention (it corresponds to a claim 2) prepares 
ffitS such as a molecular sieve, to the sL of connection with still better cold head and heat contact to the ins.de 
oFa cthng panel, and it is constituted so that gases, such as nitrogen and oxygen, may be exhausted by tos adsorpt,«nal. 
Therefo e smce gas molecules, such as nitrogen and oxygen, are exhausted by the moisture child and adsorption ma enal and 
hyarogen is exhausted by the hydrogen storing metal alloy by the cooling panel, respecUvely, various kinds of gases can be 

rS^'aSention of the above [ the cryopump concerning the 3rd this invention (it corresponds ; to ckim 3) ], a cold head 
Erably coSed by the temperature of 55 160K. By cooling a cold head to the temperature of 55-160K the hydrogen storing 
*etal ahoy, adsorption material, and cooling panel which were connected good [ heat contact ] are cooled by temperature ol the 

[SoToTThe" cryopump concerning the 4th this invention (it corresponds to a claim 4) is characterized by establishing heating 
meanses such J f. heater for heating a hydrogen storing metal alloy, in the 1st above-mentioned invention. By this, a hydrogen 
storing metal alloy can be heated at 300 degrees C or more, and a hydrogen storing metal alloy can be reproduced. 
00 Til The cryopump concerning the 5th this invention (it corresponds to a claim 5) is characterized by establishing heatmg 
meanses such as a heater for heating a hydrogen storing metal alloy and adsorption material, ,n the 2nd above-mentioned 
motion By thts'a .hydrogen storing metal alloy and adsorption material can be heated at 300 degrees C or more, and a hydrogen 
storing metal alloy and adsorption material can be reproduced. . 
ro0121 In the 1st invention of the above [ the cryopump concerning the 6th this invention (it corresponds to a claim 6) ], by 
changing Z ^eous helium supply method to a pulse tube refrigerator, and making a cold head generate heat, a hydrogen storing 
metal alloy is heated and is characterized by being reproduced. ,. .., . 

r00131 In the 2nd invention of the above [ the cryopump concerning the 7th this invention (it corresponds to a claun 7) ], by 
changing the g£eo"s helium supply method to a pulse tube refrigerator, and making a cold head generate heat, a hydrogen storing 
metal alloy and adsorption material are heated, and are characterized by being reproduced. 
[0014] 

[Embodiments of the Invention] . . . 

00151 Below the suitable operation form of this invention is explained based on an accompanying drawing. 
0016 Partial drawing of longitudinal section in which drawing 1 and drawing 2 show the typical operation form of tiie cryopump 
concerning this invention, and drawing 1 shows the internal structure of an important secuon and dra^ arej to = A-A lme 
cross sections in drawing 1 . 1 HsTrnouWg flange for attaching a cryopump in toe vacuum housing (not shown) by wh ch 
evacuation is carfiedoufand 12 is the main part of the very-low-temperature refrigerator fixed to the mounting flange 11 to to* 
operation form, composition members, such as a cooling panel of a cryopump, are attached in the interior of a vacuum housing ,n 
the state where it was exposed as it is. A mounting flange 1 1 is fixed to the wall of a vacuum housing, and a mam part 12 is 
£££ on the outside of a vacuum housing. With this operation form the pulse tube refrigerator of an one-step formula is ujri 
as a very-low-temperature refrigerator. Hereafter, the above-mentioned mam part 1 2 is explained as a mam part f pulse tube 
refrigerator » A pulse tube refrigerator does not need the low-temperature sliding section as compared with the conventional 
very low temperature refrigerator, but it has the feature that very low temperature can be made only from pressure vtoration ol 

KnteZin part 12 of a pulse tube refrigerator by this operation gestalt is equipped with a shell 13 and a cold reserving 
materiil and a pulse pipe are constituted in the shell 13 concerned at this mandril top, and it equips ,t with the cold head ,4 at this 
pdnt section. Heat transfer and the structure attachment component 1 5 are attached m the cold head 1 4 Heat transfer and the 
structure attachment component 1 5 are made from the metal with a good heat electrical conduction etc., and consists ; of b*n el 
section 15a of the cfrcumference of a shell 13, and end plates 15b and 1 5c prepared in the vertical edge as a whole J^ morc 
hydrogen storing metal alloys 16 of the tabular arranged so that it may meet in the direction of a path are arranged to a rad al at 
totals of predetermined Lund barrel section 15a, the adsorption material 17, such as a molecular ^^J^ 1 
transfer and the structure attachment component 15 into the space between these hydrogen stonng metal alloys 16, the cooling 
SSTgrf tocyitodrical shape further formed in the periphery enclosure the shape of Chevron and ,n the shape of a louve , 
Lmed andlis made to surround an internal composition member by this cooling panel 1 8. Thus, heat transfer and the structure 
Zhmercomponent 15 equip with the cooling panel 18 of a cylindrical shape the above-mentioned hydrogen stonng metal 
al Z?6 ^ t3more sheets which is the crcumference of barrel section 1 5a and has been arranged among the up-and-down 
end plates Sa^d 15c at the radial, the adsorption material 17 with which ,t filled up, and the real target. The cooling panel 18 is 
arranged at the outermost part of the gas invasion mouth of a cryopump. 
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rnoi 81 The member 19 attached near the upper end plate 1 5b is a resistance bulb for measuring a temperature state The 
[0018] The member J£m«™» ' " . £ F bulb 19 F is 6rvm out by lead wire 20, and is taken out by the exterior of a vacuum 

'rOO ! 91 Wall-pressure helium gas is supplied to the main part 12 of a pulse tube refrigerator by (Helium helium) gas -compression 
Sl^STaSS The cold head 14 is cooled by for example, the liquid nitrogen temperature (77K) grade^ Since a 
SSt S «' Xption material 17, and the cooling panel 18 are constituted from a state where ,t 
SSSSSdS 14 at heat contact fitness by heat transfer and the structure attachment component 1 5, they are 

SmisL the equilibrium vapor pressure of water is ten to 9 Pa in 1 23K when it jumps into the cooling panel 1 8 by which the 
moU ore cS ^SotodS Squid nitrogen temperature (77K) grade, the moisture child concerned condenses on the cooling 
Ze T 8 and XdW Remitted but is exhausted by the cooling panel 1 8. What is necessary is just to cool the temperature ot a 
S pTel orS 1 To™ ste a moisture child's equilibrium vapor pressure in 160K is ten to 4 Pa when die attainment 

Aese mSlesTs high enough at liquid nitrogen temperature (more than 104 Pa), molecu.cs, such as nitrogen and oxygen, w 11 
S Sdensed by £ Pooling panel 18, and will trespass upon the interior of a pump. Since the adsorption material 7 cooled 
tolMdrtra Stature Z the adsorption capacity force to gases other than ****** such as hydrogen molecules which 
U-™ed upon the inferior of a pump, such as nitrogen and oxygen, are adsorbed and exhausted by the adsorption material 17. 
2; a hydrogen-content child furthermore jumps mto the cooling panel 18, the cooling panel 8 of liquid nittogen 
empe attire does not condense, and the adsorption material 17 of liquid nitrogen temperature is no adsorbed, eitiier, but 
occEon^f t hylogen-content child concerned will be carried out by the hydrogen storing metal alloy 16, and he will be 

^Various kinds of gases which jumped into the cryopump are caught by condensation or adsorption by v™s kinds of 
SmposiuTn members prepared in the cryopump like the above, respectively. Consequently, the cryopump by this operation 
eestalt will have exhaust air capacity to various gases. fi,iu„ w iftUp 

mSSl About the temperature by the side of the low temperature of the above-menUoned cryopump, it is set up as follows. If the 
empe ^^aSfAe cooling panel 18 is set up so that gases other than a moisture child may condense on the cooling panel 18 
emoorarily based on the peculiar equilibrium-vapor-pressure property of the condensed gas concerned, ,t is re-emitted according 
oTeS hbrium vapor pressure of the gas in the temperature of the cooling panel 1 8, and will be in the state where evacuation 
c^Sy berried ot! to a low pressure. Therefore, you have to set the temperature of the cooling panel 1 8 as temperature 
wS ^y gaLXr than water do not condense. Since this kind of cryopump for high vacuums is usually used by the pressure 
JfJSS or less, it needs to set it as 55K or more temperature from which the equihbnum vapor pressure of gases, such 
as nitroeen oxvcen an argon, etc. which are mainly exhausted, is set to lOOPa or more. 

?0M) Us'poJsibl to omit tie adsorption material 17 in the cryopump by this operation gestalt. Even when the adsorpUon 
materia 17 is not contained as a composition member, since a hydrogen storing metal alloy 16 can exhaust gases, such a, 
mSaldown in the front face.it can use it as a vacuum pump. However, if adsorption exhaust a ir of gases, such as 
Sen and oxygen, Ts repeated on the front face of a hydrogen storing metal alloy 16, since the life of a hydrogen storing .metal 
Xy wU.be shortened, it is desirable as above-mentioned to be the inside of the coohng panel 18 and to form the adsorpUon 
material 17 in the staging area between two or more hydrogen storing metal alloys 16. 

WW] I A hydrogen storing metal alloy 16 and the adsorption material 17 store gases, such as hydrogen and nitrogen in the 
Er oSfonTb^dsorbing, restively. Therefore, in a hydrogen storing metal alloy 16 or the adsorpUon matenal 17, Us 
S to re™ the Led gas ft' a Stable slage, and to make it return to an initial state (the ^^l^S^SSSril 
In order to perform this reproduction operation, you have to heat a hydrogen storing metal alloy 16 and the adsorption matenal 7 
^oXeesC™e P In Ac conventional 

most 100 degrees C, it was not able to use adsorption material, such as a hydrogen storing metal alloy and a molecular s.eve_ On 
Se other Z, a pulse tube refrigerator does not have the sliding section in the interior of the main part of a refrigerator , and ,ince 
Z composition member is only metals, such as stainless steel and a drum, the heat-resistant ^^J^^. 
hundreds of degrees C (for example, 500-600 degrees C). Therefore, in the cryopump of this operation gestalt using the pulse 
S^S«bST. oSn part 12 of a refrigerator, since the pulse tube refrigerator has sufficient heat-resistant tempera un J, it 
ct eneVgize and heat at a heater 22 and a hydrogen storing metal alloy 16 and the adsorption matenal 1 7 can be reproduced by 

100281 The cold head 1 4 can be made to generate heat by changing the supply method of helium gas with a pulse tube refrigerator 
L,Hh™r e XXe a hydrogen storing metal alloy 16 and the adsorption material 17 can be heated by exoergic operation of 
^aTp'rtl^ 

tube refrigerator, the composition member which accompanies a heater 22 and this becomes unnecessary, and can simplify 



composition. 
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[00291 In addition although the above-mentioned operation gestalt showed that by which is exposed to the m enorot the vacuum 
housL w£ s not illusXted as it is, and the composition member of the cooling panel 18 grade cooled by Uqmd nitrogen 
^SS^mmtd in it in (tawing 1 . like the conventional cryopump shown ,n__win_3 the low-temperature 
Sntn be covered S a pump c"o=etand it can also consider as structure which is connected with a vacuum housing 
_S^S^«S«l Furthermore, according to the cryopump by this operation gestalt, since a pulse tube re ngerator 
St have the sliding section into a main part 12, vibration is small and the overhaul procedure of the mam part of a 



refrigerator also becomes unnecessary further 
[0030] 



rEffec of the Invention] By the above explanation, according to this invention, it sets to a cryopump so mat clearly. As a 
vmtw-temperature refrigerator, by the one-step formula And since the interior was not equipped with to sliding section, but 
m7he^r2anThkh pulse tube refrigerator was used and the high pulse tube refrigerator of this thermal resistance was used 
^SSmJSs a hydrogen storing metal alloy, a molecular sieve, etc. which need reproduction, can be used, by this 
It °P™P c SS Sactured cheaply small, vibration is still smaller, an overhaul procedure becomes unnecessary and a 
highXauTt air performance can be realized by the ability using adsorption material, such as a molecular sieve, further. 
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' NOTICES 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3 . In the drawings, any words are not translated. 



CLAIMS 



Claim The cryopump characterized by having used the one-step formula pulse lube refrigerator for toe ^menUoned 
Wfow temperltie refrigerator, and preparing a hydrogen storing metal alloy and a cooluig panel in the cold head of the 
XmTnS pulse tube refrigerator ,n the state of connection with good heat contact m the cryopump wh,ch carnes out 
evacuation by cooling various gases to very low temperature with a very-low-temperature refrigerator 
En 2] The c^opump according to claim 1 characterized by preparing adsorption matenal inside the aforementioned cooling 
panel in the state of connection with good aforementioned cold head and heat contact. 

[Sm 3 j The aforementioned cold head is a cryopump according to claim 1 or 2 cnaractenzed by being cooled by the 

ISm^The 5 W according to claim 1 characterized by establishing the heating means for heating the aforementioned 

^^SS^Zc^ng to claim 2 characterized by establishing the heating means for heating the aforementioned 
hvdroeen storine metal alloy and the aforementioned adsorption material. 

Sim 6]Sorementioned hydrogen storing metal alloy is a cryopump given in claim 1 term characterized by bemg heated by 
cha^gmg the gaseous helium supply method to the aforementioned pulse tube refrigerator, and making the aforementioned cold 

fcUtirTrTherforementioned hydrogen storing metal alloy and the aforementioned adsorption material are a cryopump given in 
clauTdyadic characterized by being heated by changing the gaseous helium supply method to the aforementioned pulse tube 
refrigerator, and making the aforementioned cold head generate heat. 
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